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UNIVERSAL WELL CEMENT ADDITIVES AND METHODS 

Related Patent Application Data 

This application is a continuation-in-part of 
application Serial No. 09/013,791 filed January 26, 
1998 which is a continuation-in-part of application 
Serial No. 08/834,065 filed April 14, 1997, now 
Patent No. 5,749,418 issued May 12, 1998. 

Background of the Invention 

1. Field of the Invention . 

The present invention relates generally to well cement 
additives, and more particularly, to universal composite 
additives for improving the properties of well cement slurries. 

2. Description of the Prior Art . 

Hydraulic cement slurries used for cementing subterranean 
formations or zones in oil and gas wells must have particular 
properties. For example, the slurries must have properties 
such that they are capable of being mixed and pumped without 
prematurely gelling, have sufficiently long pumping times to be 
placed in subterranean formations or zones, have sufficiently 
high compressive strengths after setting, and have good fluid 
loss control . 

The American Petroleum Institute (API) has set standards 
for different classes of oil well cements to insure that the 
cement slurries formed with them have required properties . The 
API cements are Portland cements and because of the strict 
requirements placed on them, they are more difficult to produce 
and more expensive than the many construction grade cements 
used for constructing bridges, roads, buildings and the like on 
the earth's surface. 
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Surface construction grade cements are commonly available 
from a variety of manufacturers throughout the world and are 
very inexpensive as compared to API Portland cements and other 
comparable cements used in cementing oil and gas wells. The 
construction grade cements typically contain high quantities of 
metal sulfates while the cements used in oil well cementing 
must have relatively low metal sulfate contents. 

While cement slurries formed from inexpensive surface 
construction grade cements are suitable for a large number of 
surface applications, they do not have the properties required 
for subterranean oil and gas well cementing such as consistent 
viscosities, suitable thickening times, high compressive 
strengths after setting, good fluid loss control and the like. 

The chemical compositions, and particularly the metal sulfate 
concentrations, of surface construction grade cements vary from 
manufacturer to manufacturer making it impossible to predict 
the properties of cement slurries containing such cements. 
Thus, there is a need for a universal additive for improving 
the properties of inexpensive surface construction grade cement 
slurries whereby the slurries can be used in oil and gas well 
cementing applications. 

A number of low quality oil and gas well cements which are 
available and used throughout the world also contain high metal 
sulfate concentrations and/or otherwise lack some of the 
properties required. For example, such low quality oil and gas 
well cements often have poor rheology, marginal strength 
development or poor response to conventional additives. Thus, 
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there is also a need for a universal additive that can be 
utilized to improve the properties of presently used low 
quality oil and gas well cements. 

Summary of the Invention 

The present invention provides universal composite 
particulate solid additives for improving the properties of 
well cement slurries which meet the needs described above and 
overcome the deficiencies of the prior art. When added to a 
surface construction grade or presently used oil and gas well 
grade hydraulic cement slurry, an additive of this invention 
simultaneously improves the viscosity, thickening time, after 
setting compressive strength, fluid loss control and other 
properties of the slurry to those which are particularly 
suitable for cementing oil and gas wells. 

The universal additives of this invention are comprised of 
iron chloride selected from the group of ferrous chloride, 
ferric chloride and mixtures thereof present in an amount in 
the range of from about 0.5 to about 30 parts by weight, a 
dispersing agent present in an amount in the range of from 
about 1 to about 20 parts by weight, an organic acid present in 
an amount in the range of from about 0.01 to about 10 parts by 
weight, a hydratable polymer present in an amount in the range 
of from about 1 to about 20 parts by weight and an ultra-fine 
particulate hydraulic cement present in an amount in the range 
of from about 1 to about 50 parts by weight. Other components 
which can optionally be included in the additive are a 
defoaming agent, an alkaline earth metal halide and one or more 
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other agents for increasing the set cement compressive 
strength. 

Additional universal additives of this invention are 
comprised of iron chloride selected from the group of ferrous 
chloride, ferric chloride and mixtures thereof present in an 
amount in the range of from about 0.5 to about 30 parts by 
weight, an alkali or alkaline-earth metal halide, preferably 
chloride, present in an amount in the range of from about 5 to 
about 60 parts by weight, an organic acid present in an amount 
in the range of from about 0.01 to about 10 parts by weight and 
a hydratable polymer present in an amount in the range of from 
about 1 to about 50 parts by weight. Other components which 
are also preferably included in the additive are a defoaming 
agent, a dispersing agent, ultra-fine particle size hydraulic 
cement and other agents for increasing the set cement 
compressive strength. 

The methods of this invention for improving the properties 
of a cement slurry comprised of a surface construction grade or 
better hydraulic cement and water comprise combining a 
universal additive of the present invention with the cement 
slurry in an amount in the range of from about 0.1% to about 
30% by weight of the hydraulic cement in the slurry, the 
universal additive being comprised of iron chloride selected 
from the group of ferrous chloride, ferric chloride and 
mixtures thereof, a dispersing agent, an organic acid, a 
hydratable polymer and an ultra-fine particulate cement. 

Additional methods of this invention for improving the 
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properties of a cement slurry comprised of a surface 
construction grade or better hydraulic cement and water 
comprise combining a universal additive of the present 
invention with the cement slurry in an amount in the range of 
from about 0.1% to about 30% by weight of the hydraulic cement 
in the slurry, the universal additive being comprised of iron 
chloride selected from the group of ferrous chloride, ferric 
chloride and mixtures thereof, an alkali or alkaline-earth 
metal halide, an organic acid, and a hydratable polymer. 

Methods of cementing a subterranean zone penetrated by a 
well bore utilizing a cement slurry comprised of a surface 
construction grade or better hydraulic cement and water are 
also provided by the present invention. The methods comprise 
the steps of combining a universal additive of this invention 
as described above with the cement slurry in an amount in the 
range of from about 0.1% to about 30% by weight of the 
hydraulic cement in the slurry, pumping the cement slurry 
containing the additive into the subterranean zone to be 
cemented by way of the well bore and then allowing the cement 
slurry to set into a hard impermeable mass therein. 

It is, therefore, a general object of the present 
invention to provide universal well cement additives and 
methods of using the additives. 

Other and further objects , features and advantages of the 
present invention will be readily apparent to those skilled in 
the art upon a reading of the description of the preferred 
embodiments which follows. 



WO 99/37594 PCT/GB99/00247 

6 

Description of Preferred Embodiments 

As mentioned above, construction grade cements for use in 
surface applications and low quality oil and gas well cements 
are readily available from a variety of manufacturers around 
the world and are very inexpensive as compared to the high 
quality API cements often used in cementing oil and gas wells. 

The surface construction grade and low quality oil and gas 
well cements typically contain high quantities of alkali and/or 
alkaline-earth metal sulfates, i.e., from about 0.75% to about 
3.0% of such metal sulfates by weight of the cement. High 
quality API oil and gas well cements typically contain less 
than about 0.3% of such metal sulfates by weight of the cement. 

The presence of the high amounts of metal sulfates in the 
cements causes the cements to have varying and erratic 
properties such as thickening time and compressive strength 
when slurried in water. 

The present invention provides single universally 
applicable particulate solid additives which contain mixtures 
of components that react synergistically with cement slurries 
to optimize the properties of the cement slurries and their 
performance in cementing oil and gas wells. The additives are 
not only useful in improving the properties and performance of 
surface construction grade and low quality oil and gas well 
cement slurries, but they also improve the properties and 
performance of other well cements including those meeting API 
standards. The additives are particularly useful in improving 
the properties of cements available in remote locations 
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throughout the world whereby the cements can be effectively 
utilized in oil and gas well cementing. 

The four basic properties of a cement slurry which the 
additives of the present invention improve to make the cement 
slurry suitable for oil and gas well cementing are viscosity 
(also referred to as rheology) , thickening time, after setting 
compressive strength and fluid loss control. As mentioned, the 
additives of this invention are universally applicable to 
cement slurries formed with low quality high sulfate content 
cements as well as those formed with higher quality cements. 
The additives can be used to improve the properties of cement 
slurries which are to be subjected to temperatures up to about 
23-0 °F and which have densities in the range of from about 12 to 
about 17 pounds per gallon. 

The universal additives of this invention are basically 
comprised of iron chloride selected from the group of ferrous 
chloride, ferric chloride, and mixtures thereof present in an 
amount in the range of from about 0.5 to about 30 parts by 
weight, a dispersing agent present in an amount in the range of 
from about 1 to about 20 parts by weight, an organic acid 
present in an amount in the range of from about 0.01 to about 
10 parts by weight, a viscosity increasing hydratable polymer 
present in an amount in the range of from about 1 to about 20 
parts by weight and an ultra-fine particulate hydraulic cement 
present in an amount in the range of from about 1 to about 50 
parts by weight. 

As indicated above, the iron chloride can be ferrous 



•NSOOaO: <WO 9937594A1 J_> 



WO 99/37594 PCT/GB99/00247 

8 

chloride, ferric chloride or mixtures thereof. The iron 
chloride functions synergistically with the other components of 
the additive to overcome the effect of a high metal sulfate 
concentration in a cement and to shorten the thickening time of 
a slurry of the cement to an acceptable range. That is, the 
iron chloride in combination with the other components of the 
additive causes the cement to hydrate in a normal and 
predictable manner. Also, the iron chloride contributes to 
improving the compressive strength of the cement slurry after 
it sets. 

The dispersing agent in the additive helps control the 
rheology of the cement slurry and contributes to making the 
slurry a stable suspension over a broad density range. While 
various dispersing agents can be utilized, a particularly 
suitable dispersing agent is the condensation polymer product 
of an aliphatic ketone, e.g., acetone, an aliphatic aldehyde, 
e.g., formaldehyde, and a compound which introduces acid groups 
into the polymer, e.g., sodium sulfite. Such a dispersing 
agent is described in U.S. Patent No. 4,557,763 issued to 
George et al. on December 10, 1985, which is incorporated 
herein by reference, and is commercially available under the 
trade designation "CFR-S™" from Halliburton Energy Services of 
Duncan , Oklahoma . 

The organic acid in the additive controls the viscosity of 
the cement slurry, i.e., it prevents the premature gelation of 
the slurry and improves the rheology of the slurry over a broad 
density range. Various organic acids can be utilized in the 
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additive including, but not limited to, tartaric acid, 

citric acid, gluconic acid, oleic acid, phosphoric acid and 

uric acid. Of these, tartaric acid is preferred. 

A variety of viscosity increasing hydratable polymers can 
also be utilized in the additive including, but not limited to, 
carboxymethylcellulose, hydroxyethylcellulose, carboxymethyl- 

hydroxyethylcellulose, vinyl sulfonated polymers, hydratable 
graft polymers and other hydratable polymers known to those 
skilled in the art. Of these, hydroxyethylcellulose is 
preferred. The hydratable polymer utilized adds viscosity to 
the cement slurry and functions to reduce fluid loss from the 
slurry. 

2 The ultra-fine particulate hydraulic cement in the 
additive preferably has a maximum particle size of about 15 
microns and a specific surface area of about 12,000 square 
centimeters per gram. The distribution of the various size 
particles within the ultra-fine cement is preferably such that 
about 90% of the particles have diameters no greater than about 
10 microns, 50% have diameters no greater than about 5 microns, 
and 20% of the particles have diameters no greater than about 3 
microns. The specific surface area of the ultra-fine hydraulic 
cement (sometimes also referred to as Blaine fineness) is an 
indication of the ability of the cement to chemically interact 
with other materials. The specific surface area is preferably 
greater than about 12,000 square centimeters per gram, and more 
preferably, greater than about 13,000 square centimeters per 
gram. 
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Ultra-fine cements having maximum particle sizes and 
surface areas as set out above are disclosed in various prior 
U.S. patents including U.S. Patent No. 4, 761, 183 issued to 
Clarke during August 1988. which discloses ultra-fine particle 
size cements formed of slag and mixtures thereof with Portland 
cement and U.S. Patent No. 4,160,674 issued to Sawyer during 
July 1979 which discloses ultra-fine particle size Portland 
cements, both of which are incorporated herein by reference. 
The ultra-fine hydraulic cement preferred for use in accordance 
with this invention is Portland cement. Such a cement is 
commercially available under the trade designation 
"MICRO-MATRIX™" from Capitol Cement Co. of San Antonio, Texas. 
The presence of the ultra-fine cement in the cement slurry adds 
compressive strength to the cement slurry after it sets and 
contributes to shortening the thickening time of the cement 
slurry to a preferred range. 

As indicated above, the additive can also include a number 
of other components which provide improved properties to a 
cement slurry. That is, the additive can include a defoaming 
agent such as polydimethylsiloxane present in the additive in 
an amount in the range of from about 0.01 to about 5 parts by 
weight. Such a defoaming agent is commercially available under 
the trade name "D-AIR™" from Halliburton Energy Services of 
Duncan, Oklahoma. The defoaming agent prevents a cement slurry 
containing the additive from excessively foaming during mixing 
and pumping. 

Another component which can be included in the additive is 
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an alkali or alkaline-earth metal halide which functions with 
the iron chloride to overcome the effect of high metal sulfate 
concentration. Preferred such compounds are calcium chloride, 
sodium chloride, potassium chloride and ammonium chloride, with 
calcium chloride being the most preferred. When used, the 
alkali or alkaline earth metal halide is generally included in 
the additive in an amount in the range of from about 5 to about 
20 parts by weight. 

Still another component which can be included in the 
additive is a particulate ASTM Type III cement which 
contributes to increasing the after setting compressive 
strength of the cement slurry and decreasing the thickening 
time of the slurry. Such a cement is commercially available 
under the trade designation "TXI IIP"" from Texas Industries, 
Inc. of Midlothian, Texas. When ,used, the ASTM Type III cement 
is generally included in the additive in an amount in the range 
of from about 1 part to about 50 parts by weight. 

Yet another component which can be included in the 
additive is a particulate silica such as fumed silica or ultra- 
fine silica. The silica functions in a cement slurry to 
prevent after setting compressive strength retrogression in hot 
wells. When used, the silica is preferably included in the 
additive in an amount in the range of from about 0.1 to about 
50 parts by weight. 

A preferred universal particulate solid additive of this 
invention for improving the properties of a cement slurry is 
comprised of iron chloride selected from the group of ferrous 
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chloride, ferric chloride and mixtures thereof present in an 
amount of about 10 parts by weight, a dispersing agent 
comprised of the condensation polymer product of acetone, 
formaldehyde and sodium sulfite present in an amount of about 
13 parts by weight, tartaric acid present in an amount of about 
0.4 parts by weight, hydroxyethylcellulose present in an amount 
of about 2 parts by weight and an ultra-fine particulate 
hydraulic cement having a maximum particle size of about 15 
microns and a specific surface of about 12,000 square 
centimeters per gram present in an amount of about 8 parts by 
weight . 

Additional universal additives of this invention are 
basically comprised of iron chloride selected from the group of 
ferrous chloride, ferric chloride and mixtures thereof present 
in an amount in the range of from about 0.5 to about 30 parts 
by weight, an alkaline-earth metal halide, preferably chloride, 
present in an amount in the range of from about 5 to about 60 
parts by weight, an organic acid present in an amount in the 
range of from about 0.01 to about 10 parts by weight, and a 
viscosity increasing hydratable polymer present in an amount in 
the range of from about 1% to about 50% by weight. 

As indicated above, the iron chloride can be ferrous 
chloride, ferric chloride or mixtures thereof. The iron 
chloride functions synergistically with the alkali or alkaline- 
earth metal halide and other components of the additive to 
overcome the effect of a high metal sulfate concentration in a 
cement and to shorten the thickening time of a slurry of the 
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cement to an acceptable range. That is, the iron chloride in 
combination with the alkali or alkaline-earth metal halide and 
other components of the additive cause the cement to hydrate in 
a normal and predictable manner. 

A variety of alkali or alkaline-earth metal halides can be 
utilized in the additive which function synergistically with 
the iron chloride as described above. Preferred such compounds 
are calcium chloride, sodium chloride, potassium chloride and 
ammonium chloride, with calcium chloride being the most 
preferred. 

The organic acid in the additive controls the viscosity of 
the cement slurry, i.e., it prevents the premature gelation of 
the slurry and improves the rheology of the slurry over a broad 
density range. Various organic acids can be utilized in the 
additive including, but not limited to, tartaric acid, citric 
acid, gluconic acid, oleic acid, phosphoric acid and uric acid. 
Of these, tartaric acid is preferred. 

A variety of viscosity increasing hydratable polymers can 
also be utilized in the additive including, but not limited to, 
carboxymethylcellulose, hydroxyethylcellulose, 
carboxymethylhydroxyethylcellulose , vinyl sulfonated polymers , 
hydratable graft polymers and other hydratable polymers known 
to those skilled in the art. Of these, hydroxyethylcellulose 
is preferred. The hydratable polymer utilized adds viscosity 
to the cement slurry and functions to reduce fluid loss from 
the slurry. 

As indicated above, the additive preferably also includes 
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a number of other components which provide improved properties 
to a cement slurry. That is, the additive preferably also 
includes a defoaming agent such as polydimethylsiloxane present 
in the additive in an amount in the range of from about 0.01 to 
about 5 parts by weight, a dispersing agent as described above 
in an amount in the range of from about 1 to about 20 parts by 
weight, an ultra-fine particulate hydraulic cement in an amount 
in the range of from about 1 to about 50 parts by weight, an 
ASTM Type III cement as described above in an amount in the 
range of from about 1 part to about 50 parts by weight and 
fumed or ultra-fine silica in an amount in the range of from 
about 0.1 to about 50 parts by weight. 

Another preferred universal particulate solid additive of 
this invention for improving the properties of a cement slurry 
is comprised of iron chloride selected from the group of 
ferrous chloride, ferric chloride and mixtures thereof present 
in an amount of about 10 parts by weight, calcium chloride 
present in an amount of about 14 parts by weight, tartaric acid 
present in an amount of about 0.3 parts by weight, 
hydroxyethylcellulose present in an amount of about 12 parts by 
weight, a defoaming agent comprised of polydimethylsiloxane 
present in an amount of about 0.3 parts by weight, a dispersing 
agent comprised of the condensation polymer product of acetone, 
formaldehyde and sodium sulfite present in an amount of about 
11 parts by weight, an ultra-fine particulate hydraulic cement 
having a maximum particle size of about 15 microns and a 
specific surface of about 12,000 square centimeters per gram 
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present in an amount of about 8 parts by weight, a particulate 
ASTM Type III cement present in an amount of about 8 parts by 
weight and fumed silica present in an amount of about 8 parts 
by. weight . 

The additives of this invention can be mixed with a cement 
slurry using various techniques known to those skilled in the 
art. A particularly suitable technique is to combine the 
additive used with the water utilized in a mixer followed by 
the hydraulic cement used. 

The present invention also provides methods of converting 
the viscosity, thickening time, after setting compressive 
strength, fluid loss and other properties of a cement slurry 
comprised of a surface construction grade or better hydraulic 
cement and water to those properties which are particularly 
suitable for cementing oil and gas wells. Such methods 
basically comprise combining a universal particulate solid 
additive of this invention as described above with the 
construction grade or better cement slurry in an amount in the 
range of from about 0.1% to about 30% by weight of the cement 
in the slurry. As described above, the resulting cement slurry 
containing the additive has properties particularly suitable 
for use in cementing oil and gas wells. 

Additional methods are provided by the present invention 
for cementing a subterranean zone penetrated by a well bore. 
The subterranean zone can have a static temperature of up to 
about 230°F and the construction grade or better cement slurry 
utilized can have a density in the range of from about 12 to 17 
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pounds per gallon. In accordance with the methods, a universal 
particulate solid additive of this invention is combined with 
the construction grade or better cement slurry in an amount in 
the range of from about 0.1% to about 30% by weight of the 
cement in the slurry. The resulting cement slurry having 
improved properties is pumped into the subterranean zone to be 
cemented by way of the well bore penetrating it and the cement 
slurry is then allowed to set into a hard impermeable mass in 
the zone. 

In order to further illustrate the universal additives and 
methods of this invention, the following examples are given. 

Example 1 

A variety of cement slurries having various densities and 
utilizing various API hydraulic cements, fresh water or salt 
water and various quantities of a universal additive of this 
invention were prepared. The slurries were tested for 

thickening time, fluid loss, rheology (plastic viscosity/yield 
point) , compressive strengths and shear bond strengths at 
various temperatures. The tests were run in accordance with 
the procedures set forth in the API Specification For Materials 
And Testing For Well Cements , API Specification 10, 5th 
Edition, dated July 1, 1990, of the American Petroleum 
Institute. 

The universal additive utilized in the tests was comprised 
of 10 parts by weight ferric chloride, 13 parts by weight of a 
dispersing agent comprised of the condensation polymer product 
of acetone, formaldehyde and sodium sulfite, 0.4 parts by 
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weight tartaric acid, 2 parts by weight hydroxyethylcellulose 
and 8 parts by weight of a particulate ultra-fine hydraulic 
cement having a maximum particle size of about 15 microns and a 
specific surface area of about 12,000 square centimeters per 
gram. The additive was mixed with the cement slurries tested 
in , the amounts indicated in Table I below. In a number of the 
tests, the cement slurry was tested with and without the 
additive of this invention. In order of the tests, a 
conventional set retarding agent was substituted for the 
universal additive of this invention or included in the cement 
slurry with the universal additive. Also, fumed silica was 
included in some of the cement slurries tested. 

The results of these tests are given in Table I below. 
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From Table I, it can be seen that all of the various 
slurries tested which contained the additive of this invention 
had excellent properties and were suitable for oil and gas well 
cementing applications. 

Example 2 

A variety of cement slurries having various densities and 
utilizing various API hydraulic cements, fresh water or salt 
water and various quantities of another universal additive of 
this invention were prepared. The slurries were tested for 
thickening time, fluid loss, rheology (plastic viscosity/yield 
point), compressive strengths and shear bond strengths at 
various temperatures. The tests were run in accordance with 
the procedures set forth in the API Specification For Materials 
And Testing For Well Cements , API Specification 10, 5th 
Edition, dated July 1, 1990, of the American Petroleum 
Institute. 

The universal additive utilized in the tests was comprised 
of 10 parts by weight ferric chloride, 14 parts by weight 
calcium chloride, 0.3 parts by weight tartaric acid, 12 parts 
by weight hydroxyethylcellulose, 0 . 3 parts by weight of a 
polydimethylsiloxane def earning agent, 11 parts by weight of a 
dispersing agent comprised of the condensation product of 
acetone, formaldehyde and sodium sulfite, 8 parts by weight of 
a particulate ultra-fine hydraulic cement having a maximum 
particle size of about 15 microns and a specific surface area 
of about 12,000 square centimeters per gram, 8 parts by weight 
of ASTM Type III cement (commercially available, for example 
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from Texas Industries of Midlothian, Texas) and 8 parts by 
weight of fumed silica. The additive was mixed with the cement 
slurries tested in the amounts indicated in Table II below. 

The results of these tests are given in Table II below. 
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From Table II it can be seen that all of the various 
slurries tested had excellent properties and were suitable for 
oil and gas well cementing applications . 

Example 3 

The tests described above were repeated utilizing five 
cement slurries at two different densities with and without the 
universal additive of this invention. The results of these 
tests are given in Table III below. 
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From Table III it can be seen that the presence of the 
universal additive of this invention in the various cement 
slurries tested significantly improved the properties of the 
cement slurries . 

Thus, the present invention is well adapted to carry out 
the objects and attain the ends and advantages mentioned as 
well as those which are inherent therein. While numerous 
changes may be made by those skilled in the art, such changes 
are encompassed within the spirit of this invention as defined 
by the appended claims . 

What is claimed is: 



WO 99/37594 PCT/GB99/00247 

26 

1. A universal additive for improving the properties of 
a cement slurry to be utilized for cementing a well comprising: 

iron chloride selected from the group of ferrous 
chloride, ferric chloride and mixtures thereof present in an 
amount in the range of from about 0,5 to about 3 0 parts by 
weight; 

an alkali or alkaline-earth metal halide present in 
an amount in the range of from about 5 to about 60 parts by 
weight; 

an organic acid present in an amount in the range of 
from about 0.01 to about 10 parts by weight; and 

a hydratable polymer present in an amount in the 
range of from about 1 to about 50 parts by weight. 

2. The additive of claim 1 wherein said alkali or 
alkaline -earth metal chloride is selected from the group of 
calcium chloride, sodium chloride, potassium chloride and 
ammonium chloride. 

3 . The additive of claim 1 wherein said organic acid is 
selected from the group of tartaric acid, citric acid, gluconic 
acid, oleic acid, phosphoric acid and an uric acid. 

4. The additive of claim 1 wherein said hydratable 
polymer is selected from the group of carboxymethylcellulose, 
hydroxyethylcellulose , carboxymethylhydroxyethylcellulose , and 
vinyl sulfonate polymers . 

5. The additive of claim 1 which further comprises a 
polydimethylsiloxane defoaming agent present in said additive 
in an amount in the range of from about 0.01 to about 5 parts 
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by weight. 

6 . The additive of claim 1 which further comprises a 
dispersing agent comprised of the condensation polymer product 
of an aliphatic ketone, an aliphatic aldehyde and a compound 
which introduces acid groups into the polymer present in said 
additive in an amount in the range of from about 1 to about 20 
parts by weight. 

7 . The additive of claim 1 which further comprises an 
ultra- fine particulate hydraulic cement having a maximum 
particle size of about 15 microns and a specific surface of 
about 12,000 square centimeters per gram present in said 
additive in an amount in the range of from about 1 to about 50 
parts by weight. 

8. The additive of claim 1 which further comprises a 
particulate ASTM Type III cement present in said additive in an 
amount in the range of from about 1 to about 50 parts by 
weight . 

9. The additive of claim 1 which further comprises 
particulate silica present in said additive in an amount in the 
range of from about 1 to about 50 parts by weight. 

10. A universal particulate solid additive for improving 
the properties of a cement slurry to be utilized for cementing 
a well comprising: 

iron chloride selected from the group of ferrous 
chloride, ferric chloride and mixtures thereof present in an 
amount of about 10 parts by weight; 

calcium chloride present in an amount of about 14 



<WO 9937594A1J_> 



WO 99/37594 PCT/GB99/00247 

28 

parts by weight; 

tartaric acid present in an amount of about 0.3 parts 

by weight; 

hydroxyethylcellulose present in an amount of about 
12 parts by weight; 

polydimethylsiloxane present in an amount of about 
0.3 parts by weight; 

the condensation polymer product of acetone, 
formaldehyde and sodium sulfite present in an amount of about 
11 parts by weight; 

a particulate ultra- fine hydraulic cement having a 
maximum particle size of about 15 microns and a specific 
surface of about 12,000 square centimeters per gram present in 
an amount of about 8 parts by weight; 

a particulate ASTM Type III cement present in an 
amount of about 8 parts by weight; and 

fumed silica present in an amount of about 8 parts by 

weight . 

11. A method of converting the properties of a cement 
slurry comprised of a surface construction grade or better 
hydraulic cement and water to those properties which are 
particularly suitable for cementing oil and gas wells which 
comprises : 

combining a universal additive with said cement 
slurry in an amount in the range of from about 0.1% to about 
30% by weight of said hydraulic cement in said slurry, said 
additive including iron chloride selected from the group of 
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ferrous chloride, ferric chloride and mixtures thereof, an 
alkali or alkaline -earth metal halide, an organic acid and a 
hydratable polymer. 

12. The method of claim 11 wherein said iron chloride in 
said additive is present therein in an amount in the range of 
from about 0.5 to about 30 parts by weight. 

13. The method of claim 11 wherein said alkaline -earth 
metal halide in said additive is calcium chloride present in an 
amount in the range of from about 5 to about 60 parts by 
weight . 

14. The method of claim 11 wherein said organic acid in 
said additive is tartaric acid present in an amount in the 
range of from about 0.1 to about 10 parts by weight. 

15. The method of claim 11 wherein said hydratable 
polymer in said additive is hydroxyethylcellulose present in an 
amount in the range of from about 1 to about 10 parts by 
weight . 

16 . The method of claim 11 wherein said additive further 
includes a defoaming agent comprised of polydimethylsiloxane 
present in said additive in an amount in the range of from 
about 0.01 to about 5 parts by weight. 

17. The method of claim 11 wherein said additive further 
includes a dispersing agent comprised of the condensation 
polymer product of an aliphatic ketone, an aliphatic aldehyde 
and a compound which introduces acid groups into the polymer 
present in said additive in an amount in the range of from 
about 1 to about 20 parts by weight. 
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18 . The method of claim 11 wherein said additive further 
includes an ultra- fine particulate hydraulic cement having a 
maximum particle size of about 15 microns and a specific 
surface of about 12,000 square centimeters per gram present in 
said additive in an amount in the range of from about 1 to 
about 50 by weight, 

19. The method of claim 11 wherein said additive further 
includes an ASTM Type III particulate cement present in said 
additive in an amount in the range of from about 1 to about 50 
parts by weight. 

20. The method of claim 11 wherein said additive further 
includes particulate silica present in said additive in an 
amount in the range of from about 1 to about 50 parts by 
weight . 

21. A method of cementing a subterranean zone penetrated 
by a well bore at a temperature up to about 23 0°F utilizing a 

cement slurry comprised of a surface construction grade or 
better hydraulic cement and water having a density in the range 
of from about 12 to about 17 pounds per gallon comprising the 
steps of: 

(a) combining a universal additive with said cement 
slurry in an amount in the range of from about 0.1% to about 
30% by weight of said hydraulic cement in said slurry, said 
additive including iron chloride selected from the group of 
ferrous chloride, ferric chloride and mixtures thereof, an 
alkali or alkaline-earth metal halide, an organic acid and a 
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hydratable polymer; 

(b) pumping the cement slurry containing said 
additive formed in step (a) into said subterranean zone by way 
of said well bore; and 

(c) allowing said cement slurry to set into a hard 
impermeable mass in said zone. 

22. The method of claim 21 wherein said iron chloride in 
said additive is present therein in an amount in the range of 
from about 0.5 to about 30 parts by weight. 

23 . The method of claim 21 wherein said alkaline -earth 
metal halide in said additive is calcium chloride present in an 
amount in the range of from about 5 to about 60 parts by 
weight . 

24. The method of claim 21 wherein said organic acid in 
said additive is tartaric acid present in an amount in the 
range of from about 0.01 to about 10 parts by weight. 

25. The method of claim 21 wherein said hydratable 
polymer in said additive is, hydroxyethylcellulose present in 
said additive in an amount in the range of from about 1 to 
about 50 parts by weight. 

26. The method of claim 21 wherein said additive further 
includes a defoaming agent comprised of polydimethylsiloxane 
present in said additive in an amount in the range of from 
about 0.01 to about 5 parts by weight. 

27. The method of claim 21 wherein said additive further 
includes a dispersing agent comprised of the condensation 
polymer product of an aliphatic ketone, an aliphatic aldehyde 
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and a compound which introduces acid groups into the polymer 
present in said additive in an amount in the range of from 
about 1 to about 20 parts by weight. 

28. The method of claim 21 wherein said additive further 
includes an ultra- fine particulate hydraulic cement having a 
maximum particle size of about 15 microns and a specific 
surface of about 12,000 square centimeters per gram present in 
said additive in an amount in the range of from about 1 to 
about 50 by weight. 

29. The method of claim 21 wherein said additive further 
includes an ASTM Type III particulate cement present in said 
additive in an amount in the range of from about 1 to about 50 
parts by weight . 

30. The method of claim 21 wherein said additive further 
includes particulate silica present in said additive in an 
amount in the range of from about 1 to about 50 parts by 
weight . 
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31. A universal additive for improving the properties of 
a cement slurry to be utilized for cementing a well comprising: 

iron chloride selected from the group of ferrous 
chloride, ferric chloride and mixtures thereof present in an 
amount in the range of from about 0.5 to about 30 parts by 
weight; 

a dispersing agent present in an amount in the range 
of from about 1 to about 20 parts by weight; 

an organic acid present in an amount in the range of 
from about 0.01 to about 10 parts by weight; 

a hydratable polymer present in an amount in the 
range of from about 1 to about 20 parts by weight; and 

an ultra-fine particulate hydraulic cement having a 
maximum particle size of about 15 microns and a specific 
surface of about 12,000 square centimeters per gram present in 
an amount in the range of from about 1 to about 50 parts by 
weight . 

32. The additive of claim 31 wherein said dispersing 
agent is comprised of the condensation polymer product of an 
aliphatic ketone, an aliphatic aldehyde and a compound which 
introduces acid groups into the polymer. 

33. The additive of claim 31 wherein said organic acid is 
selected from the group of tartaric acid, citric acid, gluconic 
acid, oleic acid, phosphoric acid and an uric acid. 

34. The additive of claim 31 wherein said hydratable 
polymer is selected from the group of carboxymethylcellulose, 
hydroxyethylcellulose, carboxymethylhydroxyethyl cellulose, and 
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vinyl sulfonate polymers. 

35. The additive of claim 31 which further comprises a 
polydimethylsiloxane defoaming agent present in said additive 
in an amount in the range of from about 0.01 to about 5 parts 
by weight. 

36. The additive of claim 31 which further comprises an 
alkali or alkaline-earth metal halide present in said additive 
in an amount in the range of from about 5 to about 20 parts by 
weight . 

37. The additive of claim 31 which further comprises a 
particulate ASTM Type III cement present in said additive in an 
amount in the range of from about 1 to about 50 parts by 
weight . 

38. The additive of claim 31 which further comprises 
particulate silica present in said additive in an amount in the 
range of from about 1 to about 50 parts by weight. 

39. A universal particulate solid additive for improving 
the properties of a cement slurry to be utilized for cementing 
a well comprising : 

iron chloride selected from the group of ferrous 
chloride , ferric chloride' and mixtures thereof present in an 
amount of about 10 parts by weight; 

the condensation polymer product of acetone, 
formaldehyde and sodium sulfite present in an amount of about 
13 parts by weight; 

tartaric acid present in an amount of about 0.4 parts 

by weight; 
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hydroxyethylcellulose present in an amount of about 
2 parts by weight; and 

a particulate ultra-fine hydraulic cement having a 
maximum particle size of about 15 microns and a specific 
surface of about 12,000 square centimeters per gram present in 
an amount of about 8 parts by weight. 

40. The additive of claim 39 which further comprises: 
polydimethylsiloxane present in an amount of about 

0.3 parts by weight; 

calcium chloride present in an amount of about 14 
parts by weight; 

a particulate ASTM Type III cement present in an 
amount of about 8 parts by weight; and 

fumed silica present in an amount of about 8 parts by 

weight . 

41. A method of converting the properties of a cement 
slurry comprised of a surface construction grade or better 
hydraulic cement and water to those properties which are 
particularly suitable for cementing oil and gas wells which 
comprises : 

combining a universal additive with said cement 
slurry in an amount in the range of from about 0.1% to about 
30% by weight of said hydraulic cement in said slurry, said 
additive comprising iron chloride selected from the group of 
ferrous chloride, ferric chloride and mixtures thereof, a 
dispersing agent, an organic acid, a hydratable polymer and an 
ultra-fine particulate hydraulic cement. 
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42. The method of claim 41 wherein said iron chloride in 
said additive is present therein in an amount in the range of 
from about 0.5 to about 30 parts by weight. 

43. The method of claim 41 wherein said dispersing agent 
in said additive is the condensation polymer product of 
acetone, formaldehyde and sodium sulfite and is present in an 
amount in the range of from about 1 to about 20 parts by 
weight . 

44. The method of claim 41 wherein said organic acid in 
said additive is tartaric acid present in an amount in the 
range of from about 0.1 to about 10 parts by weight. 

45. The method of claim 41 wherein said hydratable 
polymer in said additive is hydroxyethylcellulose present in an 
amount in the range of from about 1 to about 2 0 parts by 
weight . 

46. The method of claim 41 wherein said ultra-fine 
particulate hydraulic cement has a maximum particle size of 
about 15 microns and a specific surface of about 12,000 square 
centimeters per gram and is present in said additive in an 
amount in the range of from about 1 to about 50 by weight. 

47. The method of claim 41 wherein said additive further 
comprises a defoaming agent comprised of polydimethylsiloxane 
present in said additive in an amount in the range of from 
about 0.01 to about 5 parts by weight. 

48. The method of claim 41 wherein said additive further 
comprises an alkali or alkaline-earth metal chloride present in 
said additive in an amount in the range of from about 5 to 
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about 20 parts by weight. 

49. The method of claim 41 wherein said additive further 
comprises an ASTM Type III particulate cement present in said 
additive in an amount in the range of from about 1 to about 50 
parts by weight. 

50. The method of claim 41 wherein said additive further 
comprises fumed silica present in said additive in an amount in 
the range of from about 1 to about 50 parts by weight. 

51. A method of cementing a subterranean zone penetrated 
by a well bore at a temperature up to about 230 °F utilizing a 
cement slurry comprised of a surface construction grade or 
better hydraulic cement and water having a density in the range 
of from about 12 to about 17 pounds per gallon comprising the 
steps of: 

(a) combining a universal additive with said cement 
slurry in an amount in the range of from about 0.1% to about 
30% by weight of said hydraulic cement in said slurry, said 
additive comprising iron chloride selected from the group of 
ferrous chloride, ferric chloride and mixtures thereof, a 
dispersing agent, an organic acid, . a hydratable polymer and an 
ultra-fine particulate hydraulic cement; 

(b) pumping the cement slurry containing said 
additive formed in step (a) into said subterranean zone by way 
of said well bore; and 

(c) allowing said cement slurry to set into a hard 
impermeable mass in said zone. 

52. The method of claim 51 wherein said iron chloride in 
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said additive is present therein in an amount in the range of 
from about 0.5 to about 30 parts by weight. 

53. The method of claim 51 wherein said dispersing agent 
in said additive is the condensation polymer product of 
acetone, formaldehyde and sodium sulfite and is present in an 
amount in the range of from about 1 to about 20 parts by 
weight . 

54. The method of claim 51 wherein said organic acid in 
said additive is tartaric acid present in an amount in the 
range of from about 0.01 to about 10 parts by weight. 

55. The method of claim 51 wherein said hydratable 
polymer in said additive . is hydroxyethylcellulose present in 
said additive in an amount in the range of from about 1 to 
about 20 parts by weight. 

56. The method of claim 51 wherein said ultra-fine 
particulate hydraulic cement has a maximum particle size of 
about 15 microns and a specific surface of about 12 f 000 square 
centimeters per gram and is present in said additive in an 
amount in the range of from about 1 to about 50 by weight. 

57. The method of claim 51 wherein said additive further 
includes a defoaming agent comprised of polydimethylsiloxane 
present in said additive in an amount in the range of from 
about 0.01 to about 5 parts by weight. 

58. The method of claim 51 wherein said additive further 
includes an alkali or alkaline metal chloride present in said 
additive in an amount in the range of from about 5 to about 20 
parts by weight. 
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59 . The method of claim 51 wherein said additive further 
includes an ASTM Type III particulate cement present in said 
additive in an amount in the range of from about 1 to about 50 
parts by weight. 

60. The method of claim 51 wherein said additive further 
includes fumed silica present in said additive in an amount in 
the range of from about 1 to about 50 parts by weight. 
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